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An international canola breeding program

40 diverse founder lines:
Canada, Europe: 20 founders
Australia: 20 founders

Rapid S0:1 recurrent selection (2 year cycles):

BLUP analysis across cycles with optimal contributions selection 
based on an economic index ($/ha)

Outcome:  high rate of genetic improvement in all traits in index

Cycle Year Sites
1 2014 AU1
2 2016 AU1, AU2
3 2018 CA1, AU1



International breeding trial:  Australia
York, Western Australia

short days, winter-spring growing season



International breeding trial:  Canada
Sun Valley, Manitoba

long days, summer growing season



An integrated BLUP breeding model for selfing crops

Cowling et al (2017) Journal of Experimental Botany 68:1927–1939.

Cross progeny S0 
in the field

Self progeny (S1) is 
cross parent

S2 and S0 progeny 
in the field



Cowling et al (2019) Food and Energy Security 8:e00157

Integrate pedigree and genomic information, exploiting close 
relationships including selfing and crossing, with high accuracy 
of selection index.
The system as used in canola:

An integrated BLUP breeding model for selfing crops



Optimising the breeders equation for rapid 
international canola breeding

𝑅 response to selection          (economic index $/ha)
𝑖 intensity of selection   (moderate)
𝑟 accuracy of selection      (pedigree and/or genomic information)
𝜎 additive genetic variation  (diverse population)
𝐿 is the length of cycles         (2 years biological limit)



ASREML:  BLUP analysis for grain yield 
(across 3 cycles 2014-2016-2018)

Variance model Loglik

Diagonal model:  
base model 3939.3  variety **
+ pedigree 4813.0  additive *** 
+ pedigree, spatial 4944.5  additive *** 

General correlation model, 
heterogeneous variance (corgh)

+ pedigree, spatial 5043.4  additive***
correlations***

Output:  predicted (estimated) breeding value (EBV) for grain yield at 
each site in 2014, 2016, 2018



Genetic correlations (EBV) across cycles: 
grain yield (t/ha)



Genetic correlations (EBV) across cycles
seed oil (%)



Genetic correlations (EBV) across cycles
protein in meal (%)



Selection in an economic index

𝐼𝑛𝑑𝑒𝑥 $/ha   Σ EBVi × economic weight

𝐺𝑌 EBV grain yield (t/ha)      $/ha) 
 𝐷𝑇𝐹 EBV days to 50% flower × weight ($/ha) 
 𝐻𝑡 EBV height @ maturity × weight ($/ha) 
 𝐵𝐿 EBV blackleg (Phoma) × weight ($/ha)
 𝑂𝑖𝑙 EBV oil in seed (%)  × weight ($/ha)
 𝑃𝑟𝑜𝑀 EBV protein in meal (%) × weight ($/ha)
𝐺𝑆𝐿 EBV glucosinolates meal × weight ($/ha)



Genetic progress ( ) across cycles
- index ($/ha)



Genetic progress ( ) across cycles
- grain yield (mean 1.99 t/ha)



Genetic progress ( ) across cycles
- seed oil (mean 46.2%)



Genetic progress ( ) across cycles
- protein in meal (mean 43.3%)



Genetic progress ( ) across cycles
- blackleg disease resistance (mean = 4.6)



Genetic progress ( ) across cycles
- days to 50% flower (mean 85.4 days)



Genetic correlations (EBV) across traits



Genetic correlations across average EBV traits

GY increases with 
BL resistance



Genetic correlations across average EBV traits

BL resistance is 
higher in taller and 
later types



Genetic correlations across average EBV traits

High glucosinolates
associated with lower GY, 
BL, oil, and protein in 
shorter and earlier types



Conclusions – international canola breeding

Valuable genetic diversity ex founders (CA, EU, AU)

Optimised mating design predicts:
• +6% per year increase in index ($/ha)
• +1.4% per year increase in grain yield (t/ha)
• +0.4% per year increase in seed oil (%)
• +0.2% per year increase in protein in meal (%)
• +5.2% per year improvement in blackleg rating

COST over 3 cycles:   
• cost of phenotyping = 8,000 plots per cycle (2 years)
• 2.8 FTE staff members (field, glasshouse, database)



An international breeding 
program in spring canola

THANK 
YOU!!






